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INTRODUCTION
Liver cancer is predicted to be the sixth most commonly diagnosed cancer and the fourth leading cause of cancer death worldwide, which has drawn widespread attention because of its high complexity, heterogeneity, mortality, and disability; it is therefore regarded as the devil of cancer [1, 2] . Apart from the traditional approaches to treatment, such as surgical resection, transarterial chemoembolization, and targeted agents, treatment strategies against liver cancer have developed rapidly in recent years. However, given its high malignant potential, frequent drug resistance, and systemic side effects, liver cancer still lacks an ideal radical therapeutic regimen. The prognosis of liver cancer lags far behind that of other types of carcinoma, such as mutation-positive lung cancer and breast cancer [3] [4] [5] . Socioeconomic development is closely interconnected with public health [6] . The rapid development of socioeconomic condition and cancer health care would absolutely influence the clinical outcomes of liver cancer, but neither the manner in which social development and medical advances have benefited liver cancer patients nor the degree of the impact through the past decade has been clarified yet. The Human Development Index (HDI) is a composite index focusing on three basic dimensions of socioeconomic development: Life expectancy, years of schooling, and gross national income per capita [7] . The liver cancer outcomes such as incidence and mortality could be influenced by a series of risk factors such as hepatitis virus infection (hepatitis B virus, hepatitis C virus, or hepatitis D virus) and its vaccine control, aflatoxin exposure, as well as alcohol abuse. However, the clinical outcomes of existing liver cancer patients, interpreted as the mortality-to-incidence ratio (MIR) or 5-year net survival, might have a strong relationship with socioeconomic factors. Multiple studies have demonstrated that global cancer disparities are related to socioeconomic status according to the HDI [8] [9] [10] .
Several databases have provided reliable estimates of cancer outcomes. The GLOBOCAN 2018 database contains high-quality registry data of cancer incidence and mortality at the national level [1] . The CONCORD-3 program, with the largest and most up-to-date cancer survival database, established cumulative surveillance for cancer survival for 37.5 million patients during the 2000-2014 period [11] . These databases provide a fundamental basis for studies of liver cancer outcomes. In this study, we aimed to determine the influence of HDI values on liver cancer outcomes, including MIR and survival, with a focus on the global transition of HDI values and liver cancer outcomes from 2008 to 2018.
MATERIALS AND METHODS

Data sources
HDI data for United Nations members in the 2008-2018 period were available in the United Nations Development Programme (UNDP) database (http://hdr.undp.org/ en/statistics). The UNDP divided countries into four subgroups according to HDI levels [7] . National incidence and mortality estimates for liver cancer in 186 countries in 2018 were originally obtained from the GLOBOCAN 2018 database (http://gco.iarc.fr) [12] and were maintained by the International Agency for Research on Cancer, and data of 184 countries in 2008 were originally collected from GLOBOCAN 2008 [8] . Estimates for both rates were calculated according to the world standard population, presented as age-standardized rates per 100000 person-years [1, 13] . The estimated 5-year net survival for patients with liver cancer in the 2000-2014 period was collected from the CONCORD-3 report [11] . The net survival represents the cumulative probability of surviving for up to a given length of time since diagnosis (e.g., 5 years) after corrections are made for other causes of death. The survival estimates were age-standardized with the International Cancer Survival Standard weights [11] .
Statistical analysis
Cancer MIRs were calculated from the obtained incidence and mortality rates. Extreme values (0, 1, or > 1) were considered abnormal and were excluded from the analysis. Then, MIR values were analyzed with their corresponding HDIs in 2008 and 2018 via correlation analysis and nonlinear regression. Correlation was established with a significant P-value in the nonparametric Spearman correlation test. Nonlinear regression was based on a modified "dose-to-response" model using the formula: MIR = 1/[1 + 10(HDI50-HDI) × Slope] Where HDI 50 refers to the half-maximal controlled HDI (equivalent to the HDI value at half-maximal MIR) and slope is a parameter indicating the steepness of the fitted curve [8] . MIRs within the four HDI groups were compared via one-way ANOVA followed by Tukey-Kramer post hoc tests. The correlation analysis was also applied to the HDIto-survival and survival-to-MIR patterns. The extremely unreliable net survival values (e.g., 0% of Malta and 40.0% of Jordan in 2018; 27.1% of South Africa, 39.0% of Costa Rica, and 71.5% of Jordan in 2008) were excluded. Comparisons of the agestandardized incidence, mortality, calculated MIR, and survival between 2008 and 2018 were based on weighted Chi-square test. A P-value less than 0.05 was considered statistically significant. Statistical analysis and plotting were performed using Prism 7 (GraphPad, San Diego, CA, United States) and SPSS 25 (IBM Corporation, Armonk, New York, NY, United States).
Geographical maps showing the gradient distribution of HDI values, incidence, mortality, calculated MIR, and survival were edited using TileMill (a GitHub project maintained by MapBox, Washington, DC, United States), with map data sources from the Natural Earth database rendered by the Mapnik Library (https://mapnik.org/).
RESULTS
Global distribution of HDI values and liver cancer epidemiology
In the analysis, we included 174 countries with data available in both the 2018 GLOBOCAN database (186 countries) and HDI values (189 countries). Countries were classified into groups according to the four HDI tiers (very high, high, medium, and low) reported by the UNDP ( Figure 1A ). The distributions of national liver cancer incidence and mortality, reported by GOLOBOCAN 2018, were portrayed in the form of world maps ( Figure 1B and C) . In 2018, liver cancer caused annual age-standardized incidence and mortality rates of, respectively, 9.3 and 8.5 per 100000 population [1] . Overall, the incidence rates of liver cancer were 2-fold greater in developed countries [1] . However, unlike in other sites, the highest rates were observed mainly in lower-HDI settings, especially in Africa and Southeast Asia ( Figure 1B ). The top 10 countries with the highest incidence of liver cancer were Mongolia, Egypt, Gambia, Vietnam, Lao PDR, Cambodia, Guinea, Thailand, China, and Korea. Notably, the incidence in Mongolia far exceeded that of other countries, with an estimated rate of 4-fold those in China and Korea.
Sixty-four countries had data available on the incidence, mortality, and MIR in both 2008 and 2018 for time-dependent comparisons. The incidence rates have declined substantially in the majority of countries with a high liver cancer burden [1, 14, 15] . The top 10 countries with the greatest decrease in incidence were Thailand, Honduras, China, Korea, South Africa, Japan, Guinea, Greece, and Qatar. Interestingly, the incidence increased in many high-HDI countries considered to be at low risk for liver cancer [1, 15, 16] , such as Portugal, the United States, New Zealand, Australia, Singapore, the United Kingdom, Turkey, and France (Table 1) . Age-standardized mortality rates showed similar distributions and temporal transitions to incidence rates ( Figure 1C , Table 1 ). Due to disparities in the epidemiological changes in liver cancer, comparisons of the global incidence or mortality between 2008 and 2018 did not show any evident variance (Supplementary Figure S1A and S1B). Figure 1D ). The lowest MIRs were achieved mainly in highly developed regions, such as New Zealand, Luxembourg, Korea, Japan, and the United States ( Table 1) .
Association between national HDI values and liver cancer MIRs
As the level of national HDI increased, the corresponding liver cancer MIR was relatively lower. The country-specific MIR of liver cancer was negatively correlated with national HDI in both 2018 and 2008 (r = -0.548, P < 0.0001 for 2018; r = -0.617, P < 0.0001 for 2008). The nonlinear regression analysis verified a "dose-to-response" inhibitory effect between HDI values and MIRs (Figure 2A and B) .
We then classified the included countries into four-tier HDI subgroups, and liver cancer MIRs differed among the groups (P < 0.0001, one-way ANOVA). For the 2018 data, the mean MIR in very-high-HDI countries (0.835) was significantly lower than that in high-(0.906), medium-(0.954), or low-(0.949) HDI countries (P < 0.001, Tukey's post hoc test; Figure 2E ). For the 2008 data, similar results were obtained (P < 0.001, very-high-HDI vs other subgroups, Tukey's test; Figure 2E ), indicating persistent disparities associated with HDI levels.
Transition of MIR from 2008 to 2018
From 2008 to 2018, the HDIs for majority countries have increased more than 1%. The global MIR of liver cancer declined significantly in the last decade ( Figure 2C ). Among 64 countries with usable data in both years, the MIR increased in 16 countries and decreased in the other 48 countries (Table 1) . Liver cancer MIRs in five countries (Luxembourg, Libya, France, Czech Republic, and Uzbekistan), all of which were in high-or very-high-HDI areas, decreased more than 15% (Table 1 ). In contrast, no countries showed an increase of more than 15%. To illustrate the MIR transition, national HDIs and MIRs in 2018 and 2008 are plotted together, showing similar distributions. Notably, there is an obvious difference in that the linear regression line has shifted to the lower-left direction from 2008 to 2018, implying that the integral HDI values increased along with the decline in MIRs ( Figure 2D ). Furthermore, within each specific HDI level, the MIRs in 2018 had an obvious decreasing tendency in comparison to the 2008 data, though not significant for all HDI categories (P = 0.007 for the low-, P = 0.09 for the medium-, P < 0.001 for the high-, and P = 0.18 for the very-high-HDI group, paired t-test; Figure 2E ).
Differences and transitions in regional cancer epidemiology
The incidence and mortality rates, as well as the MIRs of liver cancer, also varied among different continents. Asia was continuously top-ranked in susceptibility to liver cancer and mortality rates. Although the incidence and mortality rates in Asia nearly halved in 10 years (incidence: 11.4 in 2018, 21.6 in 2008; mortality: 10.5 in 2018, 19.5 in 2008) (Table 1) , three (Luxemburg, France, and Czech Republic) were located in Europe ( Figure 2F ).
The transition of 5-year survival for patients with liver cancer
The 5-year net survivals for those with liver cancer were available from 61 countries, with 52 countries remaining after the exclusion of extreme values and the establishment of matches with available HDI values ( Figure 3A ). For patients diagnosed with liver cancer during 2010-2014, the best survival occurred in Southeast Asia. The top three countries with the best survival were Japan (30.1%), Korea (27.2%), and Singapore (27.2%). In contrast, poor survival was observed in Chile (3.7%) and Estonia (4.2%). Forty-eight countries had data available both in 2008 and 2018 ( Table 2 ). The survival rates generally increased (P < 0.001) ( Figure 3B ). Survival outcomes increased by over 10% during the 10-year period in five countries, namely, Qatar (+20.1%), Korea (+11.9%), Singapore (+11.5%), Norway (+10.8%), and Iceland (+10.4%) ( Table 2) . We also investigated the association between survival rates and HDI. There was a positive correlation between the survival, as estimated according to patients diagnosed in 2010-2014, and HDI values in 2018 (r = 0.408, P = 0.0027; Figure 3C ). Furthermore, the MIR and survival were also negatively correlated (r = -0.346, P = 0.0278) ( Figure 3D ).
DISCUSSION
HDI is regarded as the gold standard for the comparison of development, quantified by the composite measures of health, education, and economy [7] . HDI has been demonstrated by multiple studies as an important parameter interconnected with public health [8] [9] [10] . Being reported by UNDP every year, HDI is also easy to obtain for measuring and comparing. MIR and 5-year net survival both represent clinical outcomes of existing liver cancer. MIR may serve as an indicator of cancer health care efficacy by indirectly measuring true biological differences in attributes such as screening, diagnostic modality, treatment, and follow-up [8, 10, 14] . Five-year net survival is a more direct indicator of the effectiveness of cancer treatment and has been labeled with more importance, since the cancer patients who survive for a considerable time span can, in a way, be considered cured [11, 17] . Our present study showed that the HDI values increased along with the corresponding decline in MIRs and improvement in survival, with significant disparities among countries. A total of 64 countries with age-standardized incidence rate, age-standardized mortality rate, and age-standardized mortality-to-incidence ratio available in both years. HDI: Human Development Index; ASI: Age-standardized incidence rate; ASM: Age-standardized mortality rate; MIR: Age-standardized mortality-to-incidence ratio.
At the very beginning, we took a quick look at the incidence of liver cancer and found that it distributed unequally. An interesting and predictable finding is that liver cancer incidence decreased in high-risk countries but increased in low-risk areas from 2008 to 2018. First, there are distinct predisposing factors in geographically heterogeneous regions. In high-risk areas such as China and Western and Eastern subSaharan Africa, the key determinants are chronic hepatitis B infection and aflatoxin exposure, whereas in Japan and Egypt, hepatitis C infection is likely the predominant cause [1, 15] . In Mongolia, dual and triple hepatitis infections are highly prevalent, with heavy alcohol consumption also contributing to the incidence [18] [19] [20] [21] [22] . Second, the development of preventive strategies against liver cancer contributes to the reduction in incidence in high-risk countries with specific risk factors. The popularization of the hepatitis vaccine has significantly lowered the incidence in countries at high risk for hepatitis-associated liver cancer, which are mostly located in Southeast Asia and subSaharan Africa [1, 23] , and this benefit continues to grow. Recent developments in antivirus medication also effectively prevent the occurrence of a considerable number of liver cancer cases [24] . Approaches against other carcinogenesis-related factors, such as reductions in aflatoxin exposure and the prevention of unsafe transfusions and contaminated needle use, have also been available in high-risk countries, with a few exceptions, such as Egypt [1, 15, 16] . Third, the cohort effect of high hepatitis C exposure in the 1970s and the rising prevalence of obesity, type 2 diabetes, and nonalcoholic fatty liver disease, contribute to the observed growing incidence in some high-HDI, lowrisk countries [25] . A recent study aiming to project future liver cancer epidemiology showed results consistent with our conclusions, predicting incidence increases in Norway, the United States, Canada, Switzerland, and Germany and significant decreases in China, Japan, Singapore, and parts of Europe until 2030 [26] . Currently, available approaches include continuous control of aflatoxin exposure, complete rollout of the hepatitis B vaccination, blood supply protection, safe medical injection practices, discouragement of heavy alcohol intake, and new primary prevention strategies for obesity.
A universally high fatality leads to smaller differences in mortality related to liver cancer between developed and developing economies. To clarify the socioeconomicassociated treatment efficacies and clinical outcomes, we further examined forms of cancer MIR and survival. Based on our previous study, we demonstrated an inverse correlation of MIR [8] and a positive association between survival and HDI. The correlation is primarily caused by national inequalities in health care, which has been regarded as a major contributing factor to treatment effectiveness. A lethal disease such as liver cancer requires more advanced health care, with higher-quality care more readily available in highly developed areas. Other factors, such as economic status, diet and tobacco use, and awareness of one's own health and disease prevention, all of which are influenced by the HDI, also contribute to the countryspecific cancer MIR and survival. Taken together, patients in countries with higher a P < 0.0001, Weighted Chi-square test; D: Transition of the correlation patterns of liver cancer MIR with national HDI from 2008 (orange, r = -0.617, P < 0.0001) to 2018 (red, r = -0.548, P < 0.0001), showing a declining tendency of MIRs within the decade; E: MIRs of liver cancer in the four HDI groups, with significant differences among the very high, high, medium, and low groups (indicated in green-gradient colors) and a decreasing tendency in each specific group between 2008 (orange) and 2018 (red).
b P < 0.001, vs very-high-HDI countries in 2018, one-way ANOVA followed by Tukey-Kramer post hoc test. The statistical significance among countries in 2008 is not indicated.
c P < 0.001, 2008 vs 2018 in the low-HDI group; d P < 0.0001, 2008 vs 2018 in the high-HDI group, paired t-test; F: Regional age-standardized mortality (gray) and incidence (white plus gray) rates per 100000 individuals for liver cancer in 2018 (on the left) and 2008 (on the right), with MIR values denoted. HDI: Human Development Index; MIR: Mortality-to-incidence ratio.
HDIs have better cancer outcomes. Certain countries, such as New Zealand, Japan, and Korea, have achieved high survival and low MIR with comprehensive interventional approaches over the last decade [27] [28] [29] . Effective approaches include the promotion of aggressive clinical guidelines, the development of sophisticated technology, the continual improvement of socioeconomic status, and an advanced system for practice and communication [27] [28] [29] . Analyzing time-dependent trends allows for the identification of successful strategies as well as concerning patterns. Scientific advances have resulted in rapidly growing medical technology and treatment strategies for liver cancer. The rapid development of laparoscopic and robotic surgery, especially the da Vinci Surgical System (Intuitive Surgical, Sunnyvale, CA, United States), has offered a less invasive approach while ensuring oncological remission and expected survival [30] . Combination therapy of the classic targeted agents, such as sorafenib, with transarterial chemoembolization [31] , percutaneous radiofrequency, or microwave ablation [32] [33] [34] has shown promising therapeutic effects [35] . Meanwhile, novel approaches have also emerged as powerful methods against tumor progression, relapse, and metastasis; these approaches include the following: Nucleotide-based regulation via nanoparticlemediated drug delivery; various immune checkpoint blockades targeting cytotoxic Tlymphocyte-associated protein 4, programmed cell death protein 1 (PD-1) or its ligand PD-L1; and even cancer vaccines [36] [37] [38] [39] . Comprehensive integration has promoted heightened awareness, preventive measures, earlier detection, and better patient care. However, there is still no radical therapeutic regimen for liver cancer. Heterogeneity in the pathogenesis and biological behavior of liver cancer has led to drawbacks of new systemic agents [40] . Furthermore, advances in immunotherapy and robotic surgery, though promising, are not feasible or affordable for generalized application in settings with limited health care resources [39] . Although issues concerning health care disparities have aroused much public interest in reducing the gaps among populations, several developed countries have even tried to eliminate health inequalities; however, the effect is limited, and lower-HDI countries have not yet been able to close the gap between their cancer outcomes and those of other countries [41] [42] [43] . The current availability of essential technology and resources for prevention, early detection, effective treatment, and palliative care is still sparse [9, 44, 45] . There are some limitations to our study. A few countries with the highest transitions in survival and MIR had contradictory values for these indicators (e.g., Δsurvival = +10.8%, ΔMIR = +13.9% in Norway), indicating the potential for conflicts in the estimated data from the GLOBOCAN and CONCORD programs. First, there was a discrepancy between countries with available MIR data or survival rates. Second, the MIR estimates provide a valuable assessment of cancer outcomes but are not intended to serve as a substitute for continuous approaches to authoritative data recording, such as high-quality population-based cancer registries and vital registration systems [1, 15] . Third, the present lack of high-quality local data in many transitioning countries directly influenced the robustness of the included estimates. For example, in survival data from Jordan, linkage with the national death index has been insufficient because only approximately 70% of deaths are certified [11] . Furthermore, as described by CONCORD-3, estimates of liver cancer are flagged as less reliable than those of other cancers because of the exclusion of higher proportions of death-certificate-only registrations [11] . In conclusion, HDI values are significantly correlated with liver cancer outcomes. Even with successful prevention strategy measures, cases of liver cancer are likely to increase over the next several decades owing to population aging and growth. Such disparities in cancer health care should compel us to exert greater effort in improving socioeconomic conditions in less developed countries and territories. Given the dismal prognosis of liver cancer, research on new and available approaches against liver cancer is urgently needed.
ARTICLE HIGHLIGHTS
Research background
Liver cancer is predicted to be the sixth most commonly diagnosed cancer and the fourth leading cause of cancer death worldwide. Novel treatment strategies against liver cancer have been developed rapidly recent years. Given its high malignant potential, liver cancer burden is still a serious public health problem over the past decade.
Research motivation
Socioeconomic development is closely interconnected with public health. However, little is known about healthcare disparities in individuals suffering from liver cancer. Furthermore, the manner in which social development and medical advances influenced liver cancer patients in the past decade is waiting to be clarified.
Research objectives
To investigate the influence of national Human Development Index (HDI) on mortality-toincidence ratio (MIR) and 5-year net survival of patients with existing liver cancer, and transition in liver cancer epidemiology from 2008 to 2018.
Research methods
We explored the association of MIR and survival of liver cancer with corresponding HDI via correlation analysis and nonlinear regression. Specifically, nonlinear regression was based on a modified "dose-to-inhibition response" model. We further investigated cancer geographic variability across continents and countries, among which MIRs within the four-tier HDI groups were compared via one-way ANOVA followed by Tukey-Kramer post hoc tests. Then we focused on temporal heterogeneity over the past decade, and comparisons of the incidence, mortality, calculated MIR, and survival between 2008 and 2018 were based on Weighted Chisquare test. A P-value less than 0.05 was considered statistically significant.
Research results
Liver cancer MIRs were negatively correlated and showed good fit with a modified "dose-toinhibition response" pattern with HDI (P < 0.0001). Cancer survival was positively associated with HDI (P < 0.01) and negatively associated with MIR (P < 0.05), solidly confirming the interrelation among liver cancer outcome indicators and socioeconomic factors. Also, liver cancer MIRs of 4-tier HDI subgroups differed from each other. Notably, in the past decade, as the levels of national HDI in most countries have increased, the corresponding liver cancer MIR was relatively lower (P < 0.0001) and survival has simultaneously improved (P < 0.001), with longexisting region-or country-specific disparities.
Research conclusions
This study is the first to explore the exact relationship between the epidemiology of liver cancer and socioeconomic development in a long time scale. We showed the association between MIR and survival of liver cancer and area-specific HDI. Moreover, HDI values have increased along with improved liver cancer outcomes over the last decade, with significant disparities among countries. Our findings provide strong evidence of healthcare disparities related to socioeconomic factors, and we provide a substantial summary of the development of liver cancer health care in the last decade.
Research perspectives
The great disparities in cancer health care should compel us to exert greater effort in improving socioeconomic conditions in less developed countries and territories. Even the clinical outcomes of liver cancer have improved in the past decade, it still lacks an ideal radical therapeutic regimen. Given the dismal prognosis of liver cancer, research on new and available approaches against liver cancer is urgently needed in the future.
